Objectives-Bone mineral density decreases with antiretroviral therapy (ART)-initiation, although the pathogenesis, including the role of tenofovir (TDF), is unclear. This study assessed changes in bone-turnover markers, osteoprotegerin (OPG), soluble receptor activator for nuclear factor kappa β ligand (sRANKL), and inflammation in subjects initiating TDF-vs. non-TDFcontaining regimens, and determined the relationship between bone turnover, OPG/sRANKL, and inflammation.
INTRODUCTION
The importance of aging-related co-morbidities among HIV-infected persons, such as osteoporosis, has increased. Even among younger HIV-infected patients, osteoporosis is 3-4 times more prevalent compared to HIV-uninfected controls [1] , and it likely accounts for their increased fracture risk [2, 3] . Alterations in bone metabolism have been described since early in the combination antiretroviral (ART) era [4] ; however, the pathophysiologic mechanisms underlying these bone changes are poorly understood.
HIV infection and the host immune response contribute to lower bone mineral density (BMD) [4] [5] [6] . For example, HIV viral proteins, Vpr and gp120, have been shown to stimulate osteoclast activity and induce osteoblast dysfunction and apoptosis in vitro [7, 8] , underlying the clinical observation of increased bone resorption markers and relative suppression of bone formation markers in untreated HIV-infected patients [4] . These effects may be mediated or exacerbated by inflammatory cytokines, such as tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6), which appear to contribute to bone loss in other inflammatory conditions [9, 10] .
With ART-initiation, inflammation decreases markedly and bone turnover increases [4] . Initially, this "re-coupling" of bone formation and resorption, accompanied by decreased inflammation was thought to be beneficial to bone health. However, subsequent studies [11, 12] , including our own [13] have shown a 2-6% BMD decrease over the first 96 weeks of therapy, which correlates with the acceleration of bone turnover [14] . Thus, even though bone formation increases with ART-initiation, there is still a net loss of bone. It is not clear, however, whether these changes result from alterations in the inflammatory/immune environment or direct antiretroviral effects. Tenofovir (TDF) and protease inhibitors (PIs) appear to be associated with greater bone losses than other antiretrovirals [12] , but the etiology behind this is not well-established.
Other cellular mechanisms may also be important mediators of bone loss and bone turnover changes with ART-initiation. Bone resorption and formation are normally coupled through the interaction of RANK (receptor activator for nuclear factor kappa β), a receptor on osteoclasts, and RANK Ligand (RANKL), an osteoblast-secreted factor. Osteoblasts also secrete osteoprotegerin (OPG) which binds to RANKL to prevent osteoclast activation. HIV viral components can upregulate RANKL [7] , and certain antiretrovirals may enhance this effect [8] . Serum RANKL and OPG concentrations are associated with lower BMD in ARTtreated HIV-infected patients [15] , and are higher than in HIV-seronegative controls [16] , despite some conflicting data [15] .
To help distinguish the effects of ART and HIV infection on bone metabolism, longitudinal studies of ART-initiation are needed. To date, however, there are no such reported studies. Therefore, the purpose of this study was to evaluate changes in plasma concentrations of OPG/RANKL, bone markers, and inflammation in HIV-infected patients before and after ART-initiation. Because TDF has been implicated in the pathogenesis of reduced BMD in HIV-infected patients, our primary objective was to investigate whether changes in bone turnover markers were greater in those who initiate a TDF-containing regimen than in those receiving other nucleoside/nucleotide reverse transcriptase-inhibitors (NRTIs). Our secondary objectives were to (1) determine whether changes in bone turnover markers were associated with plasma concentrations of OPG/RANKL or markers of systemic inflammation prior to and after ART-initiation, and (2) investigate predictive factors for changes in bone turnover after ART-initiation.
METHODS

Study Subjects
Study subjects were identified from a clinical cohort at the Case Western Reserve University's Center for AIDS Research (CFAR) in Cleveland, OH, and were eligible for enrollment if they were HIV-infected adults, 18-50 years of age, had initiated ART, and had stored plasma samples prior to and within 6-12 months after ART-initiation. Two groups were identified: those who initiated TDF-containing regimens and those who initiated non-TDF regimens. Exclusion criteria were known osteoporosis, fragility fractures, or prior therapy with bisphosphonates or other bone therapies. Demographic and clinical data were extracted from the CFAR database and clinical charts. Each subject signed written informed consent approved by the Institutional Review Board of University Hospitals Case Medical Center. Effects of efavirenz (EFV) initiation on 25-hydroxyvitamin D (25(OH)D) concentrations in this cohort has been previously described [17] .
Biomarker Assays
Plasma samples were stored at −80° C until analysis without prior thawing. All assays were performed at Johns Hopkins Bayview Advanced Chemistry Laboratory, Baltimore, MD, USA. 25(OH)D was measured using radioimmunoassay (DiaSorin, Stillwater, Minnesota). Bone turnover markers included bone formation marker, osteocalcin (OC) and bone resorption marker, C-terminal telopeptide of type I collagen (CTX). CTX was measured using an enzyme-immunosorbent assay (Osteometer BioTech, Herlev, Denmark) and OC was measured using an immuno-radiometric assay (Nichols Institute Diagnostics, San Juan Capistrano, California, USA). Median intra-assay coefficients of variation were 8.15 and 2.97%, respectively, and the median inter-assay coefficients of variation were 0.01 and 6.3%, respectively. Expected normal range was 3.4-11.7 ng/mL (men) and 2.4-10.0 ng/mL (women) for OC, and 0.115-0.748 ng/ml (men), 0.142-1.351 ng/mL (post-menopausal women), and 0.112-0.738 ng/mL (pre-menopausal women) for CTX.
Plasma concentrations of OPG and total soluble RANKL (sRANKL) were determined by enzyme immunoassays (ALPCO, Salem, New Hampshire, USA) with coefficients of variations of 4.1% and 3.5% (intra-assay) and 6.2% and 9.3% (inter-assay), respectively. OPG to sRANKL ratio was then calculated. Plasma levels of inflammatory markers, including IL-6 and the soluble receptors of TNF-α, (sTNFR-I, -II) were measured via an enzyme-immunosorbent assay (R&D Systems, Minneapolis, Minnesota, USA).
Statistical Analysis
Baseline descriptive characteristics of the TDF vs. non-TDF groups were compared using Mann-Whitney U or Chi-square tests. Continuous measures are described by medians and interquartile ranges (IQR), and categorical variables are described with frequencies and percentages.
To address the primary objective, the change in biomarker levels prior to and 6-12 months after ART-initiation was compared between TDF and non-TDF groups using parametric (Student's t test) and non-parametric (Wilcoxon rank-sum test) methods. Change in biomarker measurements from prior to ART-initiation to the on-treatment time-point within each group and with groups combined was determined by Wilcoxon testing.
To address the secondary objectives, the relationships between changes in each bone turnover marker and levels of OPG/sRANKL and inflammation prior to ART-initiation and on ART were determined using Spearman Correlation Coefficients. Then, multivariable linear regression models were constructed for each dependent variable (percentage change in CTX and OC). Models included all variables P<0.10 in the univariate analysis, or in the case of the inflammatory markers, the most significant one was chosen. Each model included TDF-and PI-use as covariates, and was adjusted for potential confounding variables, including age, race, sex, pre-ART CD4 count, baseline weight, duration of ART prior to the second sample, and baseline bone marker value. Because of skewed distributions, biomarker values were natural log-transformed prior to inclusion in the regression models. The level of significance for all analyses was set at 0.05. Analyses were performed using STATA 10.1 (College Station, TX).
RESULTS
Subject Characteristics and Between Group Comparison
HIV-infected subjects who initiated ART with TDF (N=44) and non-TDF regimens (N=43) were similar except subjects in the TDF-containing group had a lower CD4 count nadir (P<0.01) and were more likely to receive a PI (P=0.03) ( Table 1 ). Atazanavir (ATV) was the most commonly used PI in both groups (45% in TDF group vs. 14% in non-TDF group, P<0.01). All but 3 subjects (all from non-TDF group) who received a PI also received lowdose ritonavir (r). EFV was the most commonly used drug in those subjects not on a PI, with 22/23 in the TDF group and 29/32 in the non-TDF group on EFV. In the TDF group, the most commonly used NRTIs in addition to TDF were emtricitabine (FTC) (N=33) and lamivudine (3TC) (N=8). The most commonly used NRTI combinations in the non-TDF group were zidovudine (AZT)/3TC (N=27), abacavir (ABC)/3TC (N=3), and ABC/3TC/ AZT (N=13).
Pre-ART Biomarkers
Prior to ART-initiation, median (IQR) for the bone turnover markers, CTX and OC, was 0.55 (0.46, 0.86) ng/mL and 4.8 (3.4, 6.3) ng/mL, respectively for the TDF group, and 0.60 (0.39, 0.9) ng/mL and 4.4 (3.7, 5.7) ng/mL, respectively for the non-TDF group (Figure 1 ).
Groups were similar for both markers (P=0.94 and 0.77, respectively). For the entire cohort, 34.5% had CTX values and 1% had OC values above the normal range. In contrast, none of the subjects had CTX values below the normal range, whereas 13% of the cohort had low OC values.
Pre-ART levels of OPG and sRANKL, as well inflammatory cytokines are shown in Table  2 . There were no differences between groups with the exception of sRANKL which was higher in the TDF-group, making the OPG/sRANKL ratio in this group significantly lower.
Changes in Cohort Characteristics after ART-initiation
During the study period, 4 subjects from the TDF group changed ART regimens: one changed the individual PI from ATV/r to lopinavir/r and changed 3TC to FTC, another subject changed from ATV to EFV, and one subject changed from 3TC to FTC. No subject in the TDF group stopped TDF. In the non-TDF group, 3 subjects changed regimens: one subject discontinued AZT from a regimen which contained ABC/3TC/EFV, another subject switched from AZT/3TC/EFV to TDF/3TC/ATV/r after 133 days, and one subject switched ABC for TDF after 58 days. Similar number of subjects from each group had HIV-1 RNA levels <400 copies/mL after ART-initiation (TDF: 98% vs. non-TDF: 95%; P=0.54). Post-ART CD4 levels increased similarly in both groups (TDF: +240 vs. non-TDF: +222 cells/ mm 3) , but the TDF-group still had a lower median CD4 cell count level than the non-TDF group (331 vs. 458 cells/mm 3 , respectively; P<0.01).
Post-ART Biomarkers
Both groups had significant increases in their CTX and OC values (CTX: P<0.0001; OC: P<0.0001). For the TDF group, median CTX and OC increased by 0.38 and 2.2 ng/mL, respectively (post-ART median (IQR): CTX 0.93 (0.67, 1.08) ng/mL; OC 7.0 (6.1, 9.5) ng/ mL).
For the non-TDF group, CTX and OC medians increased by 0.24 and 1.3 ng/mL, respectively (post-ART median (IQR): CTX 0.84 (0.62, 1.18) ng/mL; OC: 5.7 (4.4, 7.2) ng/ mL) ( Figure 1 ). Between-group changes were significant for OC (P=0.03), i.e. the TDF group had greater increases in OC after ART-initiation than the non-TDF group, but changes in CTX were not different between groups (P=0.73). For the entire cohort, CTX increased by 41% (IQR: 5%, 87%) and OC increased by 33% (IQR: 8%, 88%). The mean percentage change in CTX was similar between groups, but the percentage change in OC was greater in the TDF group than the non-TDF group (Figure 2 ).
Post-ART levels of OPG, sRANKL, and inflammatory markers are shown in Table 2 . In the total cohort, both OPG and sRANKL decreased significantly with ART-initiation, but their ratio remained unchanged. Whereas the change in OPG with ART-initiation was similar in the two treatment groups, the decrease in sRANKL in the TDF group was greater than the non-TDF group (P=0.03). IL-6, sTNFR-I, and sTNFR-II decreased significantly in the total cohort with ART-initiation. The percentage decrease in IL-6 tended to be larger in the TDF group (mean difference ± standard error from non-TDF group: −48 ± 27%, P=0.08) after adjustment for age, race, sex, pre-ART CD4 cell count, baseline weight, duration of ART prior to the second sample, PI-use, and baseline IL-6 concentration. The median percentage change in 25(OH)D was similar between the TDF and non-TDF groups, −10.2% vs −12.7%, P=0.63).
Relationship between OPG, RANKL, Inflammatory Markers and Bone Turnover Markers with ART-initiation
Pre-ART levels of OPG, sRANKL, and inflammatory markers, and changes in these markers were correlated with percent change in OC and CTX using Spearman Correlation. OPG and sRANKL at pre-ART and changes in these markers from pre-ART to post-ART were not related to percent change of OC or CTX. Pre-ART levels of IL-6, sTNFR-I, and sTNFR-II were not related to the percent change in CTX, and changes in these markers were not related to either ART-related changes in OC or CTX. Only pre-ART inflammatory markers were significantly related to the percent change in OC (IL-6: Spearman's rho=0.32; P<0.01; sTNFR-I: rho=0.21, P=0.05; sTNFR-II: rho=0.27, P=0.01). Pre-ART 25(OH)D or the percent change in 25(OH)D were not correlated to the percent change in OC or CTX (data not shown).
Regression Analysis
Biomarkers which were significant in the univariate analysis, and variables thought to potentially affect results, including age, race, sex, pre-ART CD4 cell count, baseline weight, duration of ART prior to the second sample, TDF-use, PI-use, and baseline values of the bone turnover markers were included in the multivariable regression analyses with percent change in OC and CTX from the pre-ART to post-ART time-points as dependent variables.
Only baseline CD4 count and pre-ART CTX levels were associated with percent change in CTX (Table 3A) . Age, TDF-use, PI-use, pre-ART sTNFR-I and pre-ART OC were all associated with percent change in OC (Table 3B) .
DISCUSSION
In this longitudinal study, we found that bone resorption and formation markers significantly increased 6-12 months after ART-initiation, whereas OPG, sRANKL, and inflammatory markers decreased over the same period. Increases in OC were independently associated with TDF-use, PI-use, and pre-ART levels of sTNFR-I, whereas greater increases in CTX were associated with lower nadir CD4 count. Although the OPG/RANK/RANKL system is thought to play a major role in the coupling of osteoblast and osteoclast activity [18] , the acceleration in bone turnover with ART-initiation was unrelated to pre-ART levels of OPG, sRANKL, or their changes after ART-initiation. These findings underscore the complicated interaction between ART, bone turnover, inflammation, and immune status, which extend beyond the OPG/RANK/RANKL system.
The skeleton undergoes constant remodeling with osteoclasts resorbing older bone and osteoblasts laying down new bone. This process is normally tightly coupled, such that osteoclast and osteoblast activity is matched and the total amount of bone remains constant. The actions of osteoclasts and osteoblasts can be assessed in vivo using markers of bone turnover which can be quantified in the serum, urine, or plasma. CTX is a breakdown product of type 1 collagen whose circulating concentrations represent osteoclast activity [19] and increase during conditions marked by high bone resorption, such as menopause and hyperparathyroidism [20, 21] , and decrease by 50% or more during antiresorptive therapy with bisphosphonates [22] . Osteocalcin is a polypeptide of unknown function, secreted primarily by osteoblasts into the bone matrix. Circulating osteocalcin represents the 10-40% of secreted osteocalcin that is not adsorbed to hydroxyapatite [23] . Owing to its osteoblast origin, osteocalcin is considered a marker of bone formation. However, it should be noted that osteocalcin increases in conditions of high bone resorption, such as estrogen deficiency [24] , albeit to lesser extent than markers of bone resorption, and decreases with bisphosphonate therapy [25] .
Our study provides insight into the balance of osteoclast and osteoblast activity before and after ART-initiation. In the pre-ART sample, we observed an uncoupling of bone resorption and formation. Whereas 34.5% had CTX levels above the normal range, OC was relatively suppressed, as previously observed [4] , and is consistent with in vitro models demonstrating direct effects of HIV-1 and its proteins on increasing osteoclastogenesis and impairing osteoblast function [7] . Similar to other studies [4, 14] , we observed a rapid acceleration in bone turnover with ART-initiation. We speculate that since osteoclast activity was already increased prior to ART-initiation and that the increase in osteoclast activity was greater than the osteoblast activity (ΔCTX, 41% vs. ΔOC, 33%), the acceleration in bone turnover with ART-initiation favors bone resorption and accounts for the 2-6% bone loss seen with ARTinitiation [12, 13, 26] . Indeed, the ASSERT study recently showed that a greater acceleration of bone turnover with initiation of TDF/FTC/EFV or ABC/3TC/EFV was associated a more severe loss in BMD after 48 weeks of treatment [14] .
We specifically designed the study to compare bone turnover in patients receiving TDF compared to other NRTIs. Several studies in ART-naïve subjects have demonstrated decreases in BMD with initiation of TDF [14] , and a recent study in virologicallysuppressed HIV-infected subjects found that those who were randomized to switch to TDF/ FTC had a significant decrease in BMD after 96 weeks compared to those randomized to ABC/3TC, confirming an independent effect of TDF on bone [27] . We hypothesized, therefore, that those initiating TDF would have more accelerated bone turnover compared to non-TDF treated subjects. Interestingly, although the increase in bone resorption was similar in the two groups, the median increase in osteocalcin in the TDF-treated subjects was greater than in the non-TDF group, which was also observed in the ASSERT study [14] .
The mechanisms underlying this observation are unclear and deserve further exploration. It is possible that the observed BMD decrease with TDF may represent abnormal bone mineralization (i.e. osteomalacia) rather than loss of bone volume or structure which is characteristic of osteoporosis. At high doses, TDF exposure in SIV-infected rhesus monkeys has been associated with impaired bone mineralization [28] and there have been rare case reports of severe osteomalacia in HIV-infected persons treated with TDF [29, 30] . However, subclinical phosphate wasting, perhaps contributing to osteomalacia, is common in TDFtreated patients [31] . In the Swiss HIV Cohort Study, the prevalence of excessive renal phosphate wasting was 2.4-3.4-fold higher in those receiving TDF [32] , and was associated with high bone turnover [33] . Although bone alkaline phosphatase is considered a more sensitive marker of osteomalacia [34] , osteocalcin has also been showed to be increased in conditions associated with impaired bone mineralization [35] , including excessive urinary phosphate losses [36] . Therefore, our finding of greater increases in osteocalcin with TDF exposure may reflect a mineralization deficit. Alternatively, osteocalcin secretion is stimulated by both vitamin D (1,25(OH) 2 D) and parathyroid hormone (PTH) [23] , which are both increased with initiation of TDF [37] . Because PTH secretion, vitamin D metabolism, phosphate homeostasis, and bone turnover are closely inter-related, further longitudinal studies are required to understand the pathophysiological mechanisms underlying TDF's effect on bone.
We also found that PI-use was independently associated with greater increases of osteocalcin with ART-initiation. PIs have been implicated in HIV-related bone loss previously [38] , and recently ART-naïve patients randomized to ATV showed greater BMD decreases in the lumbar spine than those on efavirenz [12] . This last study is particularly relevant since the majority of subjects on PIs in our study were taking ATV/r. Ritonavir also has been shown to have in vitro effects on bone; however, data are conflicting as to its overall effect on osteoclast and osteoblast activity [39, 40] . As with TDF, the mechanisms underlying the PI effect on osteocalcin require further investigation. While high bone turnover leading to reductions in bone mass and architecture would be consistent with our data, our study was limited by not including assessment of bone density or architecture to evaluate this relationship. Impaired mineralization from phosphate wasting or abnormalities in vitamin D metabolism are also potential explanations for increases in osteocalcin [23] . In vitro studies have shown that certain PIs can affect vitamin D bioactivation [41] and PI-use was associated with proximal tubule dysfunction in the Swiss HIV Cohort Study [32] . PIuse has also been associated with increases in PTH in the MEDICLAS study [11] , which may lead to increased osteocalcin.
Baseline inflammation was also associated with OC increases with ART-initiation. In the general population, inflammation has been implicated in the pathogenesis of osteoporosis and bone fractures, and IL-6 and TNF-α are potent stimulators of osteoclast activity, leading to uncoupled bone resorption in some people with osteoporosis [42] . However, the role of inflammation in HIV-related bone loss is not clear. In treatment-naïve subjects, TNF-α activity is associated with decreased bone formation and increased bone resorption [43] . We found that ART-initiation was associated with decreases in IL-6 and TNF-α activity, consistent with previous studies [13, 43] . We also found that pre-ART cytokine levels, but not the extent of their decrease, were associated with greater increases in osteocalcin. It is possible that this association represents the release of osteoblast inhibition with suppression of HIV and reduction of systemic inflammation. We have previously shown that higher baseline TNF-α was associated with more profound reductions in BMD, but this effect was no longer significant after adjustment for baseline CD4 count [13] . In contrast, the relationship between baseline sTNFR-1 and the change in osteocalcin observed in our study was independent of baseline CD4 count. Further work is needed to understand the relationship between inflammation, ART, and bone turnover. In many inflammatory conditions, such as rheumatoid arthritis, suppression of TNF-α activity leads to improvements in BMD [9, 10] . This is in contrast to what is observed during the first 48 weeks after ART-initiation when the marked suppression of systemic inflammation is associated the acceleration of bone turnover and the loss of bone mineral density.
Along with the increases in osteocalcin, CTX, a sensitive measure of bone resorption, increased by 41% after ART-initiation. However, in contrast to the findings with osteocalcin, only more advanced HIV disease was associated with greater increases in bone resorption after ART-initiation. This finding is consistent with other studies [11] and suggests that immune modulation plays a role in HIV-related bone loss and earlier ARTinitiation may attenuate the acceleration in bone turnover and reduce the burden of osteoporosis in HIV-infected patients.
The actions of osteoclasts and osteoblasts are normally coupled through the OPG/RANK/ RANKL system [18] . RANKL and OPG are members of the TNF receptor superfamily which are produced by osteoblasts to induce and inhibit, respectively, the differentiation and activation of osteoclasts. The ratio of OPG/RANKL is widely used in clinical studies as a parameter to measure balance in the OPG/RANK/RANKL system [44, 45] . Previous work has implicated the dysregulation of OPG/RANK/RANKL system in the pathogenesis of reduced bone density among HIV-infected patients [7, 8, 15] . We hypothesized that the acceleration in bone turnover characteristic of ART-initiation would be associated with changes in systemic concentrations of OPG and RANKL. We found that both OPG and RANKL decreased significantly with ART-initiation, while their ratio remained constant. Furthermore, we did not find any association between baseline concentrations in OPG or RANKL or their change with ART-initiation and markers of bone turnover. While these findings may suggest that the changes in bone turnover with ART-initiation are independent of the OPG/RANK/RANKL system, there are significant limitations to this interpretation. First, these biomarkers are difficult to measure which may account for their inconsistent association with post-menopausal osteoporosis [46] . Second, their plasma concentrations may not reflect their concentrations in the bone micro-environment and soluble levels of RANKL may not correlate with the activity of membrane RANKL, which has been shown to be more potent in stimulating osteoclastogenesis in vitro [47] . Next, production of OPG and RANKL are not specific to osteoblasts. Among other cell types, activated T-cells are an important source of RANKL and activated B-cells produce OPG [18] and both of these cell types undergo significant changes during ART-initiation [48] . Furthermore, changes in OPG and RANKL during ART-initiation may be modified by concomitant decreases in systemic inflammation, as many cytokines have been shown to affect OPG and RANKL concentrations [49] . Therefore, any changes in circulating OPG and RANKL related to bone turnover in our study might have been obscured by alterations in these biomarkers caused by changes in immune function during ART-initiation. Investigation of the specific effect of an antiretroviral medication, such as TDF, on the OPG/RANK/RANKL system would best be carried out in ART-treated HIV-infected persons switching ART regimens or in HIVuninfected persons receiving ART for the prevention of HIV infection. In this way, the specific effect of the ART component can be evaluated independently of its effect on immune function.
Our study had additional limitations. First, we did not include an otherwise similar HIVuninfected control arm. This group would be useful to understand whether biomarkers levels were within normal range prior to ART-initiation and to provide context for the observed changes with ART-initiation. Second, the allocation of TDF or PIs was not randomized and therefore these groups may have differed with respect to unmeasured confounders that could have affected the results. In particular, nadir CD4 was lower in the TDF group compared to the non-TDF group. Although we adjusted for this variable in the analyses, it is possible that residual confounding based on HIV disease severity, not captured by CD4 cell count, contributed to the observed effect of TDF on bone turnover. We believe that such residual confounding is not likely since our results regarding the effect of TDF on bone markers are similar to the ASSERT study, where HIV disease severity was balanced between the groups through randomization [14] . Next, we did not have measures of PTH, 1,25 dihydroxyvitamin D or other vitamin D metabolites, or fractional excretion of phosphate, which may have helped clarify the inter-relationships between vitamin D and phosphate metabolism, TDF, and bone turnover. Finally, without BMD assessment or bone histomorphometry, we were unable to investigate how the bone turnover marker changes related to changes in BMD, bone structure, or mineralization. This is particularly important in order to determine the mechanisms underlying the observed effect of TDF and PIs seen in this study. Nevertheless, these limitations do not detract from the novel findings in this study, which provide a substrate for future research. It is clear that there are complex interplays between ART, inflammation, immune modulation, bone turnover, and the OPG/ RANK/RANKL system in HIV-infected individuals, and it is imperative to further clarify these relationships. Mean percentage change in C-telopeptide (CTX) and osteocalcin in tenofovir (TDF)-and non-TDF groups 6-12 months after initiation of antiretroviral therapy. P< 0.001 for all changes from baseline. Error bars represent standard errors. P values represent difference between TDF and non-TDF groups. Table 1 Characteristics of Subjects at ART Initiation.
Median (interquartile range), or % (no.)
TDF-Treated (N = 44)
Non-TDF-Treated (N = 43) Models adjusted for age, race, sex, pre-ART CD4 cell count, baseline weight, duration of ART prior to the second sample, TDF-use, PI-use, and pre-ART value of the bone turnover marker ART, antiretroviral therapy; CTX, C-terminal telopeptide of type I collagen; OC, osteocalcin; TDF, tenofovir; PI, protease; sTNFRI, soluble tumor necrosis factor-α receptor-I
P-value
